1 specificity revealed through analysis of naturally occurring and 2 synthetic analogs of this neuropeptide family 3
With respect to the ACP system in A. aegypti, expression studies revealed transcripts of the 1 0 4 major ACPR form as well as the ACP precursor were enriched during development in adults, Paluzzi, 2018). On the tissue level, ACP precursor transcripts are mainly present in the 1 0 7 head/thorax region (Kaufmann et al., 2009 ) and, more specifically, within the brain and 1 0 8 thoracic ganglia (Wahedi and Paluzzi, 2018) and the ACPR transcripts are mainly detected in 1 0 9 the central nervous system with significant enrichment in the abdominal ganglia, particularly 1 1 0 in males (Wahedi and Paluzzi, 2018) . The AKH precursor transcripts are present in to the ACPR and ACP transcripts, AKHR transcript variants were found to be significantly 1 1 4 enriched in early adult stages (Oryan et al., 2018) . On the tissue level, highest expression in 1 1 5 adults was found in thorax and abdomen with low levels detected in ovaries (Kaufmann et al., Thus, although quite a substantial body of information on the three signalling systems in A. aegypti is known, we lack knowledge of how the various ligands interact with their cognate 1 2 6 receptor. For instance, which amino acid residue in the ligand is specifically important for 1 2 7 this interaction? By replacing each residue successively with simple amino acids such as characteristics in relation to facilitating receptor specificity. Such structure-activity studies 1 3 0 have been conducted on the AKH system in a number of insects and a crustacean either by The AKHR mammalian expression construct used in the current study, specifically AKHR-1 8 0 IA which was the receptor isoform that exhibited the greatest sensitivity to its native AKH fold compared to Aedae-AKH ( Table 2 ). The next AKH analog examined was that from the 2 7 3
firebug Pyrrhocoris apterus (Pyrap-AKH), which has two substitutions in positions three and 2 7 4 seven, both asparagine, for the natural threonine and serine, respectively, found in A. aegypti 2 7 5 AKH. The activity of Pyrap-AKH was found to be improved compared to Libau-AKH and 2 7 6
Grybi-AKH by 1.6 and 3-fold, respectively. However, these substitutions resulted in the to the native AKH ( Figure 2A ). To better understand the importance of N-terminal residues, 2 7 9 we next tested a second AKH from Odonata, this analog from Erythemis simplicicollis 2 8 0 (Erysi-AKH) where the second position valine found in Libau-AKH is instead leucine, which 2 8 1 is conserved with the A. aegytpi AKH. Thus, the activity of this AKH analog having only a 2 8 2 single amino acid substitution in the third position (threonine to asparagine; see Table 2 ) relative to the A. aegypti AKH was detected ( Figure 2B ). Indeed, we could next verify the 2 8 9 criticalness of the third position threonine residue by examining the activity of another 2 9 0 cockroach AKH analog, V 2 -Peram-CAH-II (a synthetic analog and not naturally occuring in 2 9 1 P. americana), which has a second position substitution of valine for leucine along with the 2 9 2 seventh position substitution of asparagine for serine ( Table 2 ). The activity of V2-Peram-2 9 3 CAH-II was found to be much improved, albeit still 69-fold less effective on the AKHR-IA 2 9 4 compared to the native A. aegypti AKH ( Figure 2B ). Since it was demonstrated that the C- terminal tryptophan was fundamental for bioactivty, with truncated analogs having little or no 2 9 6 activity (see above for Lacol-AKH-7mer), we were interested to examine if extension of the 2 9 7 1 4 C-terminus may also equally impact the activity of the AKH analog on the mosquito A. aegypti AKHR-IA. To do this, we utilized the AKH analog from the domestic silkmoth, 2 9 9
Bombyx mori (Bommo-AKH), which contains an extended C-terminus comprised of a 3 0 0 glycine and glutamine residue (resulting in a decapeptide). Additionally, Bommo-AKH has a 3 0 1 seventh position substitution of glycine for serine; however, considering the extension on the 3 0 2 C-terminus as well as the substitution in position seven, this analog was surprinsingly quite 3 0 3 tolerated with only 11-fold reduced activity on the A. aegypti AKHR-IA ( Figure 2B ). Finally, demonstrate that these changes are quite tolerated. It was noted above that the cockroach 3 0 7 AKH, Peram-CAH-II, which has a seventh position serine substituted with asparagine, had aegypti AKHR-IA ( Figure 2B ). Lastly, using the AKH analog from the black horse fly, improved efficacy) the activity of the native mosquito AKH (see Table 2 ; Figure 2B ). the ligand structure-activity relationship for an insect ACP receptor. This is of utmost 3 4 7
importance in order to gain insight on the specific structural features of the ACP system 3 4 8
given that extensive studies have been carried out previously on AKH receptors in a variety overall charge of the peptide does not appear to play a role with regards to its influence on 3 5 7 receptor activation since substitution of the basic (arginine) or acidic (aspartic acid) residues 3 5 8 did not lead to a highly detrimental effect. Specifically, one would assume that the ACP 3 5 9
receptor may prefer a neutral ligand given that the native ACP has no net charge (i.e. is 3 6 0 neutral) since it has both a single basic and acidic residue. However, the modified analogs this, it is argued that the side chains of a subset of these amino acids may be buried in the the Lacol-AKH-7mer with the one exception that the latter lacks the terminal tryptophan 5 0 8
residue. This indicates that serine for proline substitution in the sixth position is in fact well 5 0 9 tolerated and is not the root cause of the abolished activity of the Lacol-AKH-7mer, which 5 1 0
instead is most certainly due to the absence of the C-terminal amphipathic tryptophan residue 5 1 1 with its large indole side chain.
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Considering the resulting activity of these various AKH analogs, the findings support that 3 0 to native A. aegypti ACP is provided in Table 1 . Luminescence is plotted relative to the 6 1 2 maximal response achieved when 10 -5 M Aedae-ACP was applied to the ACPR. Data 
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